Introduction
Unprotected left main coronary artery (LMCA) stenosis occurs in 5% of patients undergoing coronary angiography [1] . It has a worse prognosis than other forms of coronary artery disease [2] . Coronary artery bypass graft (CABG) surgery has been the standard of care of treatment and currently recommended [3] .
Various precious studies evaluating surgical treatment for this disease have reported an in-hospital mortality rate ranging from 1%, 7% to 7% [4] [5] .
In recent years, percutaneous coronary intervention (PCI) for left main coronary artery stenosis upgraded from class III indication in 2006 to class IIa in 2011 thanking to improvements in interventional technologies [6] .
Today, the best treatment approach is taken in the heart team, not only on the basis of method of revascularization, but also on the assessment of the cardiovascular risk and co-morbidities of the patient.
The presence of severe significant stenosis or total thrombosis of right coronary artery correlates with worse prognosis in non-treated patients and increases a mortality and morbidity after cardiac surgery.
Left main coronary artery stenosis is rarely presented as an isolated lesion (which concerns 6% -8% of coronary patients), but usually (70% -90%) coexists with multivessel disease [7] .
The aim of the present study was to evaluate the impact of significant right coronary artery (RCA) stenosis on the immediate result in patients undergoing coronary artery bypass graft surgery for left main coronary stenosis.
Patients and Methods
Between January 2000 and December 2012, 586 patients underwent CABG, among them 107 patients who had left main coronary artery stenosis (LMCAS) were included in our study. LMCAS was defined as left coronary artery stenosis ≥50%. Those patients were devised into two groups: 36 patients had isolated LMCA stenosis (33, 6%), and 71 (66, 4%) had LMCA stenosis associated with RCA stenosis. Significant LMCA stenosis was defined as a reduction of at least 50% in the luminal diameter of the LMCA. Also, unprotected LMCA stenosis was defined as an association with significant right coronary artery disease. This retrospective study was approved by the local medical ethic committee. We excluded patients with acute myocardial infarction (<2 weeks), hemodynamic instability, cardiogenic choc, mechanical complication (ventricular septal defect, acute mitral ischemic mitral regurgitation, left ventricular aneurysm), combined procedure (CABG + valve surgery). Finally 107 patients were enrolled in the present study.
Anaesthetic technique was used including premedication with diazepam and hydroxyzine, induction with midazolam and fentanyl. After anesthesia-induction, vecuronium or pancuronium was administered to provide muscles relaxation. Surgical procedure was performed in standard fashion. Mammary arteries conduits were harvested whenever possible completed with Saphen vein. Surgery was delayed 5 days if patient received clopidogrel and 2 days when he presented instable angina pectoris despite anti-ischemic therapy. Other drugs were kept until surgery. CPB was conducted with membrane oxygenator under moderate hypothermia (32˚C). Myocardial protection was made with blood cardioplegia at a dose of 10 ml/kg repeated with half dose every 20 minutes. Left mammary artery was usually used to bypass the left anterior descending coronary artery (LAD). Other coronary arteries received right mammary artery or Saphen vein graft. Post surgical therapy included low weight molecular heparin, aspirin 250 mg/24hours. Beta-blockers were started 5 days after surgery. Intra-aortic balloon pump (IABP) was used in the following conditions: haemodynamic instability during induction of anesthesia, difficulties to discharge from CPB, low cardiac output syndrome.
Definitions
The hospital mortality was defined as all deaths within a 30 day period after the operation. Death was classified as cardiac or non-cardiac. Cardiac death was defined as a death from any cardiac cause (MI, heart failure, arythmia) or sudden unexplained death. Death that could not be classified was considered cardiac. Major adverse cardiovascular events (MACE) included death from any cause, myocardial infarction (MI) and stroke. A perioperative myocardial infarction was defined as a new Q wave on the postoperative ECG or creatine kinase MB level greater than 10% of normal or greater than 5 times the upper limit of normal or increases level of troponin I. Cerebrovascular accident (CVA) was defined as stroke, transient ischemic attacks, and reversible ischemic neurological deficit.
The Euroscore (European system for cardiac operative risk evaluation) was used to evaluate the clinical risk of death (Figure 1 ). 
Statistical Analysis
SPSS Software version 19.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.
Categorical variables, presented as frequencies and percentages, were compared using the chi-square test (x 2 ) or Fisher's exact test. Continuous variables, expressed as mean ± SD or median with range, were compared using student's unpaired t-test or the Mann-Whitney U test, as appropriate.
A p value ≤0.05 was considered statistically significant.
Results
The preoperative characteristics of all enrolled patients are presented in Table 1 . One hundred and seven consecutive patients were treated by CABG. The patients were divided into 2 groups: 36 patients had isolated LMCA stenosis (33.6%), and 71 (66.4%) had LMCA stenosis associated with RCA stenosis. Both groups were similar for age, gender and history of previous MI. Compared with isolated LMCA stenosis, patients with associated RCA stenosis experienced higher prevalence of diabetes mellitus (p = 0.024) and smoker (p = 0.032).Otherwise, no significant differences were found between the two groups in hypertension and hypercholesterolemia. Associated RCA stenosis with LMCA stenosis included significantly more patients with LV function impairment (51.2% ± 14.2% vs 59% ± 12.5% p = 0.004). The two groups did not differ significantly for associated comorbidities. The mean Euroscore in the RCA stenosis (4.36 ± 2.8) was significantly higher than in the isolated LMCA stenosis (2.89 ± 3) p = 0.02. Table 2 shows operative data. No elective operation (≤48 h) was necessary in 6 patients (16.6%) in the isolated LMCA stenosis group and in 18 patients (25.3%) in the group with combined LMCA stenosis and RCA stenosis, but it did not reach significant difference (p = 0.3). In-hospital mortality rate was higher in LMCA stenosis + RCA stenosis (12.6%) than in isolated LMCA stenosis group (5.5%) but it did not reach significant difference (p = 0.32). LOS was higher in the patients presenting LMCAS + RCA stenosis (26.7% vs 8.3% p = 0.026), but no significant difference of other post operative complications (acute renal failure, infection, stroke, reexploration for bleeding) was observed between groups (RCA stenosis). This explained the frequency use of intra aortic balloon pump IABP (p = 0.009) and more need of inotropic drugs (p = 0.04). The mean duration of a CPB and aortic cross clamp were longer in LMCA stenosis + RCA stenosis group (p = 0.002) and (p = 0.002) respectively. No significant difference was found between the two groups in mechanical ventilation duration and ICU stay.
There was a significant difference in the numbers of grafts between the two groups (p = 0.033).
Discussion
The present study showed that associated RCA stenosis disease with LMCA stenosis increases incidence of adverse events and in-hospital mortality without statistical significance. The prevalence of significant LMCA stenosis varies among reported series, depending on selection criteria [8] [9] . This lesion is found in 3% to 5% of patients undergoing coronary angiography, and approximately 9% to 30% in patients undergoing CABG [10] - [13] . Our results were in accordance with literature prevalence of LMCA stenosis. LMCA stenosis is frequently accompanied by concomitant involvement of one or more of other epicardial vessels and isolated LMCA stenosis constitutes an unusual clinical entity [14] [15] . The spectrum of clinical presentation with LMCA disease may vary from asymptomatic to sudden death [16] . In our cohort, approximately half of patients in the two groups were symptomatic (class III-IV CCS). Numerous studies have shown that stenosis of LMCA is of critical prognostic importance [17] , and it is known to be associated with high rate of complications during and after coronary angiography [18] [19] . Early observational studies demonstrated that long-term prognosis of patients treated medically were poor, with 3 years survival rates of 50% [11] [20]. Most centers, when diagnose LMCA stenosis give priority to these patients for surgery. The median survival for surgically treated patients is 13.3 years versus 6.6 years in medically treated patients [21] - [23] . Miller and associates in their study of 83 patients with LMCA stenosis, found that 3.6% of the patients died during or shortly after coronary angiography [24] . As serious cardiac events occur frequently in patients with confirmed significant LMCA stenosis who are waiting CABG, guidelines recommend to operate such patients as quick as possible [3] . Although cardiologists and cardiac surgeons commonly perform urgent CABG in most patients with LMCA stenosis, there is no consensus regarding the ideal interval between the angiographic diagnosis and surgery. Previous reports from Maziak et al. [25] . Sharareh et al. [26] , Salim et al. [27] found that carefully selected patients with significant LMCA stenosis can safely await surgery without undergoing emergency CABG. In recent retrospective study, Sari Ibrahim et al. [28] investigated the effect of waiting time on in-hospital mortality and morbidity among patients with LMCA stenosis and did not found any difference between the patients who were operated within 7 days and more than 7 days. Most investigators have identified the presence of LMCA disease as an independent predictor of operative morbidity and mortality after CABG. But the presence of other factors adds its negative impact to worse outcome. Also, some investigators found that patients who experienced MACE were older, had higher degree of LMCA stenosis, renal failure, unstable angina or myocardial infarction within 2 weeks and had higher degree of right coronary artery stenosis [28] [29] . LMCA disease is classified into two subtypes: protected and unprotected stenosis depending on the existence or not of good collateral circulation from the RCA [7] . Severe LMCA stenosis associated with RCA stenosis or thrombosis is a serious condition of coronary artery disease that is known to cause severe myocardial ischemic complications [30] . According to current guidelines, surgical revascularization with vascular graft is an absolute indication for patients with unprotected LMCA disease and PCI is an alternative when surgery is not manageable [31] [32] . During induction of anesthesia, and during operation before CPB, decrease in the oxygen supply-demand secondary to suddendrop of coronary blood flow which is not compensated by collateral circulation from RCA (because of RCA stenosis) may cause myocardial infarction [33] . Preoperative prophylactic usage of an IABP is still controversial in patients who have stable hemodynamic parameters but are at high risk [34] . There is no consensus on determining with high risk patients will benefit from IABP in CABG [35] . In two recent studies, Micelli [35] and Cakir [36] observed that LMCA stenosis even without RCA stenosis, was an important risk factor for the need for IABP use. During the first years we used systematically IABP before induction anesthesia, but recently we placed it only in patients who were instable.
Study Limitations
The main limitation of this study is the small cohort of patients and its retrospective design. The small number of MACE limited the statistical power of the study. Additionally, we could not establish the relationship between the presence of RCA stenosis and worse outcome. Finally, we need prospective controlled and randomized trials to clarify the effect of combined RCA disease during coronary surgery for LMCA disease.
